Neurexan is a multicomponent natural medicinal product used for stress-related symptoms such as nervous restlessness and insomnia. The present study investigated the efficacy of Neurexan on stress-induced changes of brainwave frequencies using quantitative analysis of spectral EEG power. Thirty healthy male and female volunteers were tested in a randomized, placebo controlled cross-over trial under conditions of relaxation and experimental stress-induction. Recording of the EEG was performed over four hours after drug administration. Data was analyzed using the proprietary fast dynamic EEG technology Neurocode-Tracking. Quantitative EEG revealed a task dependent increase of beta2 power as a surrogate parameter of stress induced anxiety. The elevated frontotemporal beta2 power was ameliorated by intake of Neurexan during the second and third hour after administration. This indicates that Neurexan is effectively helping subjects to better cope with task-related stress situations.
Introduction
Treating nervousness, restlessness, anxiety, and insomnia remains difficult, due to their complex and various origins. A recent study revealed that more than half of the working age population experience some stress that is sometimes also related to burnout, exhaustion and accompanied with depression and/or anxiety How to cite this paper: Dimpfel, W. (2019) Effects of Neurexan on Stress-Induced Changes of Spectral EEG Power: A Double-Blind, Randomized, Placebo-Controlled, Crossover Exploratory Trial in Human Volunteers. World Journal of Neuroscience, 9, [1] . Stress symptoms are constantly increasing in the last years [2] . Anti-depressants, anxiolytics and beta-blockers are widely used to control some of the physical symptoms of anxiety-related disorders. These medications are often associated with side effects and are not recommended for long-term use. Natural medications such as Neurexan are regarded as safe alternatives. Neurexan has been previously investigated for various stress-related symptoms: A randomized, placebo-controlled trial revealed that Neurexan diminishes significantly stress-induced salivary cortisol and plasma adrenaline in an acute stress setting [3] .
Neurexan was more effective in the treatment of insomnia than valerian as demonstrated in an observational study [4] . Another observational study comparing with valerian-based preparations demonstrated that Neurexan is the more effective treatment of nervousness and restlessness [5] .
Neurophysiological recordings during different emotional states are well established. The electrical activity of the human brain was successfully used for characterization of drug effects for a long time [6] and more recently proved to be particularly useful for characterization of herbal preparations [7] . Task-related changes of spectral frequencies during mental loads are well known [8] .
Quantitative Electroencephalogram (EEG) measurements were also suggested to replace cognitive testing in certain setups [9] and drug-induced changes of brain activity have been successfully evaluated by quantitative EEG measurements in the relaxed state and during the performance of cognitive tests [10] . In the present study, we investigated the effects of Neurexan on neurophysiological recordings during experimentally induced stress in healthy volunteers.
Material and Methods

Trial Design and Medication
This was a randomized, double-blind, placebo-controlled, crossover exploratory trial conducted from January to July 2006 in Germany, EudraCT No. 2005-00-3942-32. The study consisted of two experimental days with a washout period of at least one week in between, to exclude the presence of any "carry-over effects".
The study was carried out in accordance with the Declaration of Helsinki (2000) on human rights and was approved by the local ethics committee and the Ger- 
Participants and Sample Size Calculations
Due to the exploratory nature of this study, no power calculations were con- 
Experimental Procedure and Interventions
Volunteers underwent a basic medical examination consisting of a physical examination, blood analysis, ECG and EEG before entering the trial. On the day of the examination, no beverages containing caffeine were allowed within the last 12 hours preceding the EEG recording. It was also ensured that they were not under the influence of alcohol or drugs during the experiments. The subjects were familiarized with the tests during the initial period of the session. Four did not show up for the experimental session and one had a pathological EEG.
Therefore, data from 30 subjects (males and females, 1:1) were analyzed. All participants were informed about the goals of the study in detail and provided written informed consent.
Subjects were sitting alone in a quiet separate room in a comfortable easy chair.
Baseline recording of 6 min under the condition of "eyes open" took place before ingestion of the trial medication. The next recording period took place during the performance of a mathematical task (validated test) with optical feedback on their performance by an online bar showing financial award or punishment. All recordings were repeated in hourly intervals up to 4 hours after the administration of the study medication. In the sessions, the subjects spent their time in the facility's break room. All individual experiments were initiated at the same time of day to exclude the potential influence of circadian rhythms on the EEG.
Statistical Methods
Due to the non-Gaussian distribution of EEG data, median values were evaluated, and the nonparametric sign test was chosen for comparison between Neurexan and placebo. No adjustments for multiple comparisons were made.
Exploratory p-values are presented at the appropriate sites. Guidelines for the conduction of Pharmaco-EEG studies were followed [11] .
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EEG Recording
The EEG was recorded bipolarly from 17 surface electrodes according to the international 10/20 system with Cz as physical reference electrode (common average reference against all other electrodes) with the Computer-Aided-Topographical-Electro-Encephalo-Metry (CATEEM  ) system from MEWICON CATEEM-Tec GmbH (Schwarzenberg, Austria) as described by Dimpfel et al., 2014 [12] .
The Electrodes were positioned in the Central (C), Frontal (F), Parietal (P), Temporal (T) and Occipital (O) brain regions, even numbers represent the right hemisphere, uneven numbers the left hemisphere and z representing the "central" position ( Figure 1) .
In order to obtain information located in between the physically recorded locations, signals from 82 additional virtual electrodes were calculated to provide high-resolution topographical maps using a Lagrange interpolation. EEG was processed in a surface charge mode obtained by Laplacian estimates also known as current source density analysis [13] . The quantitative evaluation of the EEG signals was based on the measurement of absolute voltage changes, given in µV 2 . For each subject, the adjustment was kept constant throughout the experimental sessions.
Color-coding of the maps was achieved by transforming spectral power into spectral colors followed by additive color mixture according to the so-called
Red-Green-Blue-mode (RGB). Thus, maps represent a true result of the spectral changes and are not constructed as a so-called "false color coding". For documentation of the drug effects, differential maps were constructed using Placebo data as 100% reference. The graphs show the relative, time-averaged changes in electric brain activity of each specific recording condition (% change with respect to the reference placebo). Absolute power values from the baseline recording were set to 100% and all data were expressed in % of these baseline values.
Profile of Mood States
To be able to assess subjective feelings and to better understand and interpret the results subjects rated themselves according to the Profile of Mood States (POMS) assessing six dimensions of the mood construct, anger, confusion, depression, fatigue, tension, and vigor in a shortened German version [14] . Sub-scores were calculated for displeasure, energy, tiredness and depression. Ratings were captured before baseline recording and after finishing the electrophysiological session.
Results
Effects on Spectral Power under the Recording Condition "Eyes Open"
Under the condition of Eyes Open (EO; relaxed before the stress induction), spectral power in the EEG was very similar at baseline before intake of drugs for both treatment arms. For the documentation of drug-induced changes of the spectral pattern, Placebo results were set to 100% for all time points and electrode positions and the results for Neurexan were given as percentage change.
Results are shown in Figure 2 To see which frequency ranges would mainly indicate the action of Neurexan, data from all electrode positions were averaged to give a median value. Values recorded before the intake of the drugs were set to 100%. Drug-induced changes are depicted in % of these baseline values for all hours after the intake as given in Figure 6 . There were no significant drug effects with respect to slow frequencies delta and theta. However, there is a clear attenuation of alpha waves induced by Neurexan, which partially becomes statistically significant in comparison to Placebo during the second (alpha1) and third hour (alpha2). With respect to beta spectral power, generally lower values were detected in the presence of Neurexan.
Effects on Spectral Power under the Recording Condition "Concentration Performance Test"
The As also seen at the EO condition, some minor differences between Neurexan and Placebo in spectral power at CPT were already detected during the baseline recording at 0 hours before intake of the drugs (Figure 4 ). The differences be- Placebo at several brain regions (electrode positions F z , F 7 , F 8 , T 3 , T 5 ). Three hours after drug administration, the pattern was comparable to the 2 hours pattern. Temporal beta power was still significantly attenuated but was more limited to positions T 4 (p < 0.05) and T 6 (p < 0.01).
In the visualization of spectral power in the brain regions, given in the brain maps in Figure 5 , Neurexan and Placebo are barely distinguishable at baseline (0 h). Already at the 1 hour time point distinct patterns can be recognized and 2 hours after drug administration, the Neurexan map differs very clearly. Distinguishable maps from the baseline were also observed at the 3 hours timepoint, but differences ceased during the last hour.
Averaging of the data from all electrode positions in the presence of mental work and setting the baseline values to 100% reveals frequency and time dependent drug effects. Comparing spectral power in the presence of Neurexan or Placebo during several hours after intake uncovered, that major statistically significant effects occurred with respect to beta1 and beta2 spectral power ( Figure   6 ). Neurexan led to a significant attenuation of the elevated beta power during the first 3 hours after drug administration.
Behavioral Scores and Medical Examination
Analysis of the POMS data showed some minor changes during the course of the 
Discussion
Natural medications such as Neurexan have been proposed for the treatment of stress-related disorders as safe alternatives to conventional medications due to anticipated better tolerability with fewer side effects for long term use. Neurexan has been successfully used for various stress and related symptoms [3] , insomnia The principal finding of the study is the observation that stress-induced increase of frontotemporal spectral beta2 power during the performance of a cognitive task was largely prevented by Neurexan from the second hour of administration onwards. Additionally, a blunted circadian increase of spectral alpha2 power was observed.
The target variable related to the induced cognitive stress represents a surrogate parameter. It has been shown, however, that an increase of spectral beta power from the EEG is connected to a strong emotional environment in humans [15] [16]. Preclinical and clinical neurophysiological studies investigated changes in brain activity, in which spectral beta2 power seems to be related to GABAergic transmission [6] .
In regard to the blunted circadian increase of spectral alpha2 power, preclinical experiments have shown that alpha2 frequencies change with a modulation of dopaminergic transmission, and this frequency is related to working memory in humans [7] [17], and [18] . The frequency decreases during the performance of cognitive tasks, in which high mental concentration is needed, and mainly temporal and parietal brain regions are involved [8] .
Taken together the results suggest a dual effect of Neurexan: Stress reduction as given by the attenuation of beta2 spectral power during stress-induction and the prevention of circadian loss in the ability to concentrate as given by the decreased circadian increase of spectral alpha2 power. However, one must be aware of the fact that we are regarding only so-called surrogate parameters of stress.
Certainly, further studies are required to evaluate a long-term efficacy of Neurexan such as a potential general increase of stress resilience towards a better ability to concentrate in comparison to placebo (changes during circadian rhythm) [19] . However, the results are promising that Neurexan could be prescribed as a non-sedative first line treatment for stress-related conditions. Neurexan may help patients suffering from stress-related symptoms to better cope with stress situations and to better keep the focus during the day. That might in further consequence also prevent from often accompanied symptoms like burnout, exhaustion, insomnia, depression, and anxiety.
